section1 EUrocode 0 - EN1990

1.1 Foreword

N 1990 “Eurocode: Basis of structural design” is the head document in the

Eurocode suite. It describes the basis and general principles for the
structural design and verification of buildings and civil engineering works
including geotechnical aspects, the principles and requirements for safety and
serviceability of structures and guidelines for related aspects of structural
reliability in all circumstances in which a structure is required to give adequate
performance, including fire and seismic events. Consisting of only one part, it is
used with all the other Eurocodes (1 to 9) for design.

The Structural Eurocode programme comprises the following standards
generally consisting of a number of Parts:

* EN 1990 Eurocode 0: Basis of Structural Design
* EN 1991 Eurocode 1: Actions on structures
* EN 1992 Eurocode 2: Design of concrete structures
* EN 1993 Eurocode 3: Design of steel structures
* EN 1994 Eurocode 4: Design of composite steel and concrete structures
* EN 1995 Eurocode 5: Design of timber structures
* EN 1996 Eurocode 6: Design of masonry structures
e EN 1997 Eurocode 7: Geotechnical design
* EN 1998 Eurocode 8: Design of structures for earthquake resistance
* EN 1999 Eurocode 9: Design of aluminium structures.
& Eurocode standards recognise the respor'lsib.ility of regulat.ory authorities in each
Member State and have safeguarded their right to determine values related to

regulatory safety matters at national level where these continue to vary from
State to State.

1.2 National Standards implementing Eurocodes

The National Standards implementing Eurocodes will comprise the full text of
the Eurocode (including any annexes), as published by CEN, which may be
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preceded by a National title page and National foreword, and may be followed by
a National annex. The National annex may only contain information on those
parameters which are left open in the Eurocode for national choice, known as
Nationally Determined Parameters, to be used for the design of buildings and
civil engineering works to be constructed in the country concerned, i.e.:

* values and/or classes where alternatives are given in the Eurocode
* values to be used where a symbol only is given in the Eurocode
* country specific data (geographical, climatic, etc.), e.g. snow map

* the procedure to be used where alternative procedures are given in the
Eurocode.

It may also contain:
* decisions on the application of informative annexes

* references to non-contradictory complementary information to assist the
user to apply the Eurocode.

1.3 National annex for EN 1990

This standard gives alternative procedures, values and recommendations for
classes with notes indicating where national choices may have to be made.
Hence the National Standard implementing EN 1990 should have a National
annex containing all Nationally Determined Parameters to be used for the design
of buildings and civil engineering.

1.4 Verification tests

EN1990.xLs. 4.4 MB. Created: 5 January 2013. Last/Rel.-date: 6 March 2013.
Sheets:

— Splash
— Annex A1-B
— Annex C

— Annex D.

EXAMPLE 1-A- Target reliability index - test 1

Given:  Target reliability index (1 year): B; = 4,7 (ultimate limit state: see tab. C2-EN1990). Find
the probability of failure P; (see ta. C1-EN1990) related to f and the value of § for a
different reference period (say 100 years).

[Reference sheet: Annex C]-[Cell-Range: A1:01-A23:023].
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Solution:

&

END NOTE

In the Level II procedures (see Figure C1-EN1990 - Overview of reliability methods), an
alternative measure of reliability is conventionally defined by the reliability index
which is related to the probably of failure P; by:

P = O(-B)

where @ is the cumulative distribution function of the standardised Normal distribution.

The general formula for the probability density function of the Normal distribution is:

(x—p)?
0 exp [_2—02} o (w2207
X) = =
21 c2n

where p is the “location parameter” and o is the “scale parameter”. The case where n = 0 and
c = 1 is called the Standard Normal distribution. The equation for the standard normal
distribution is:

The probability of failure P, can be expressed through a performance function g such

f(x) =

that a structure is considered to survive if g > 0 and to fail if g <0: P; = Prob(g<0).

If g is Normally distributed, B is taken as B = p,/c, (where p, is the mean value of g, and o, is
the standard deviation), so that: u, —Bo, = 0 and Py = Prob(g<0) = Prob(g<p,—po,).

The cumulative distribution function (CDF) ®(— B) of a random variable is the probability of its
value falling in the interval [—co; B], as a function of x.

The CDF of the standard normal distribution, usually denoted with the capital Greek letter @, is
the integral:

B 4,7 x2
o(p) = [ f(x)dx = Eje 2 4x.

For B = 4,7 = B; (1 year):
1 4,7 x2
®(4,7) = — | e *dx~10-6.
(4,7) m{
For a reference period of n = 100 years the reliability index B, is (see eq. C.3-EN1990):
O(B,) = [P(BD]" > @(B,) = [P(4,7]'P=[10-°'0 = 10*= B, = 3,7,

where CD_l(Bn) = [, is the inverse of the cumulative distribution function. The quantile of
the standard normal distribution is the inverse of the cumulative distribution function.

» example-end

Topic: User’s Manual/Verification tests - EN1990.xls page 19



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 EUROCODE 0 - EN1990

EXAMPLE 1-B- Approach for calibration of design values (section C7-EN1990) - test 2

Given:

Solution:

Calculate the design values of action effects E; and resistances R,. Assume a target
reliability index equal to B = 4, 8. The standard deviations of the action effect and
resistance are, respectively: o = 5,0, o = 5,0.

[Reference sheet: Annex C]-[Cell-Range: A27:027-A70:070].

The design values of action effects E,; and resistances R, should be defined such that the
probability of having a more unfavourable value is as follows [see (C.6a), (C.6b) EN1990]:
P(E>Ey) = ®(+agp)

P(RSR,) = B(-0of).

substituting o and oy into eq. (C.7)-EN1990, we obtain: 0, 16 < /oy <7, 6. The values

of FORM sensivity factors oy and oy may be taken as —0,7 and 0, 8, respectively. This
gives:

-3,36 X2
P(E>E,) = ®(+ayB) = ®(-0,7B) = ®(-0,7x4,8) = d(-3,36) = ﬁ jw e 2dx

-3,84 7)(2
P(R<R,) = ®(—0ayB) = D(-0,8p) = B(-0,8x4,8) = O(-3,84) = %t j e 2dx.

—00

Using the given numerical data, we find (leading variable only):
P(E>E,) = ®(+agp) = 3,90x10"*
P(R<R,) = ®(-agp) = 6,15x107°.

When the action model contains several basic variables, for the accompanying actions the
design value is defined by:

P(E>E,) = ®(+ag0,4p),

from which we obtain:

P(E>E,) = ®(+0az0,4B) = ©(-0,28B) = O(-0,28x4,8) = O(-1,344) = 8,95x10".

» example-end

EXAMPLE 1-C- Approach for calibration of design values (section C7-EN1990) - test 3

Given:  Consider the same assumptions in the example above (B = 4, 8). Assume o = 1,0,
or = 7,0. Find the design values of action effects E; and resistances R;.
[Reference sheet: Annex C]-[Cell-Range: A27:027-A70:070].
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Solution: The condition 0, 16 < 6/ oy <7, 6 is not satisfied: o = +1, 0 should be used for the
variable with the larger standard deviation, and o = +0, 4 for the variable with the
smaller standard deviation.

The value of a is negative for unfavourable actions and action effects, and positive for
resistances. Using these values of o, the design equations become:

P(E>Ey) = O(+agB) = O(=0,4p) = d(-0,4x4,8) = 2,74x10

P(R<R,) = ®(—azf) = (-1, 0B) = ®(-4,8) = 7,93x107".

For the accompanying actions the design value is (smaller standard deviation):
P(E>Ey) = ®(+0a;0,4B) = ®(-0,4-0,4B) = O(-0,16 x4, 8) = 2,21x10 .

» example-end

EXAMPLE 1-D- Approach for calibration of design values (section C7-EN1990) - test 4a

Given:  Derive the design values of variables with a probability equal to 10-* (reliability index
around B = 3, 8) using a Gumbel distribution. Assume:
pg = 30505 = 1,0
pg = 30; 0 = 7,0
(mean value and standard deviation of the action effect and resistance, respectively).
[Reference sheet: Annex C]-[Cell-Range: A74:074-A140:0140].

Solution: Considering the same assumptions in the example above (condition 0, 16 < 6g/cx <7, 6
not satisfied), it is seen that:

-agp O/ Ug O(-agP) OR —agf ORr/ MR O(-agp)
-0,40 1,52 0,033 9,36 x 1,00 -3,80 0,233 7,23 x
107" 10°°

Table 1.1 Input data. See previous examples.

From table C3-EN1990 - Design values for various distribution functions, by using the
Gumbel distribution with the given numerical data, it follows that:

b s 0,577 0,577
a = = — =0,183;u = pg— ="~ = 30— 2=—= = 26,85
o6 7406 B a 0, 183
T T 0,577 0,577
a=——=—=1,283;u = pp— 2=~ = 30-=2>=—= = 29,55.
o6 1.6 Fooa 1,283
Therefore, it is (leading variable action):
= 1 _ _ - 1 . _ 510 _ o 1
Xgip = U=> In{-In[®(-azP)]} = u 018 In{-In[7,235x10°]} = u ) 183'2’ 255
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1
Xgip = 26,85 — —— - = 14,5
R 0,183 >2°

b

1 1 L 1
Xgie = u=-In{-In[®(-0xP)]} = Tl In{-In[9, 357x107']} = Ut g 2712
1
X, . = 29 55 : =31,7.
4R 55+ 75552 712 ,

» example-end

EXAMPLE 1-E- Approach for calibration of design values (section C7-EN1990) - test 4b

Given:

Solution:

Considering the same assumptions in the example above (see tab. 1.1), derive the design
values of action effects E; with a probability equal to 10-* using a Normal and a
Log-normal distribution.

[Reference sheet: Annex C]-[Cell-Range: A74:074-A140:0140].

Remembering that the condition 0, 16 < 6/cy <7, 6 is not satisfied, the design value of
action effects for Normal distribution (see tab. C3-EN1990 - Design values for various
distribution functions) becomes:

Xgip = p—afo = 30+(0,40-3,8-1) = 31,5.
Having calculated V = op/pg = 1/30 = 0,033 <0, 2, the design value of action effects for
Log-normal distribution becomes:

Xgip = - exp(-aBV) = 30- exp(0,40-3,8-0,033) = 30- 1,051 = 31,6.

» example-end

EXAMPLE 1-F- ¥, factors (section C10-EN1990) - test 5

Given:

Solution:

Use the expressions in tab. C4-EN1990 for obtaining the ¥, factors in the case of

two variable actions. Consider the following assumptions:

— reference period T = 50 years

— greater of the basic periods (for actions to be combined) T =7 years

—reliability index p = 3,8

— coefficient of variation V = 0,30 of the accompanying action (for the reference period).
[Reference sheet: Annex C]-[Cell-Range: A144:0144-A189:0189].

The distribution functions in Table C4 refer to the maxima within the reference period T.
These distribution functions are total functions which consider the probability that an
action value is zero during certain periods. The theory is based on the calculation of the

page 22
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inverse gamma distribution's probability density function of the extreme value of the
accompanying action in the reference period.

probability distributions. The general formula for the probability density function of the gamma

M The gamma distribution, like the Log-normal distribution, is a two-parameter family of continuous
v 4 distribution is:

(54 (254
f(x) = BT ;xzp; v, B>0.

where v is the shape parameter, p is the location parameter, B is the scale parameter, and T'(y) is
the “gamma function which” has the formula:

I(y) = It“”le’tdt.
0

The case where nw = 0 and B = 1 is called the “standard gamma distribution”. The equation for
the standard gamma distribution reduces to:
fx) = X7 4500450
X) = ;x20;y .
I(y
The gamma distribution can be parameterized in terms of a shape parameter o. and an inverse
scale parameter 1/y = B, called a rate parameter:

. _ po 1 a-1,-Bx
g(X, a, B) - B F((X)X € 7
With this parameterization, a gamma(a., B) distribution has mean o and variance ap?. As in
the log-normal distribution, x and the parameters o. and B must be positive. The cumulative
distribution function is the reqularized gamma function:

1 toe-le-Pt dt,
a)

F(x) = P{X<x} = jﬁar(
0

The inverse gamma distribution’s probability density function is defined over the support x > 0:

] g BY a1 —pix
[g(x; o, B)]! = F(oc)x e .

Therefore, the inverse Fl(x) of the cumulative distribution function F(x) is the quantile of the

standard gamma distribution: Ffl(x) = X.

END NOTE

Ratio approximated to the nearest integer: N, = T/T, = 50/7 = 7,14 > 7.
Shape parameter o (gamma distribution):
k =(u/o)?=(1/V)2=V2=(030)2=11,1 = a

Scale parameter p (gamma distribution):
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=B o By o(0,30)2=1L,12p =L = (11,1)1
p il (0, 30) p=-=01L1

From table C4-EN1990:

oo 0=0,7B)| L [ @(=0,7-3,8)|_ [ D(=2,66)] _
S e S R A A

®(0,4p') = ®(0,4-3,3) = d(1,32) = 0,9066; [D(0, 4N = 0, 9066” = 0, 5034
®(0,7) = d(0,7-3,8) = D(2,66) = 0,9961; [D(0,78)]™ = 0,99617 = 0,9730;
“In(®(0, 7B)) = —In(0,9961) = 0, 0039,

(= 0,4p") = d(= 0,4-3,3) = d(— 1,32) = 0, 0934

N, ®(= 0,4p) = —7-0,0934 = —0, 6538

exp[-N,®(- 0,4B")] = exp[- 0, 6538] = 0, 5200

®(0,28pB) = d(0,28-3,8) = d(1,06) = 0,8563; —In(P(0, 28B)) = ~In(0, 8563) = 0, 1551
Quantiles (for a = 11,1, p = 1/11,1):

Fg {[®(0, 4]} = Fg {0,5034} = 0,9727, Fg {[®(0, 7B)]™'} = Fy {0,9730} = 1, 6546
Fg {®(0,7B)} = Fg {0,991} = 1,9797
Fg {exp[-N,®(= 0,4p"]} = Fy {0,5200} = 0,9850.

Substituting the numerical data listed above into expressions in table C4-EN1990, we find:

a) General expression:

-1
Faccompan}'ing - FS { [(D(O, 4Bl)]Nl} - 0, 9727
Fleading Fgl {[D(0, 7[3)]N1} 1, 6546

Wy, = = 0,588.

b) Approximation for very large N;:

-1
lPo - Faccompanying — FS {EXp[—qu)(— 0,4[3')]} _ 0, 9850

Fleading Fg {®(0, 7))} 1, 9797

= 0,497.

¢) Normal (approximation):

Foccompanying _ 1+(0,288-0,7InN )V _ 1+(0,28-3,8-0,7In7)(0,30) _ 0,9106 _
Fleading 1+0,7BV 1+0,7-(3,8-0,30) 1, 798

=0,506.

d) Gumbel (approximation):

Faccompanying _ 1-0,78V{0, 58 + In[-In(®(0, 28B))] + InN, } _

Y, =

Fo = Freading 1-0,78V{0, 58 + In[-In(®(0, 7)1}

_1-0,78(0,30){0,58 + In[0,1551] + In7} _ 1-0,78(0,30){0, 58 — 1, 8637 + 1, 9459} _
1-0,78(0,30){0,58 + In[0,0039]}  _ _ 1-0,78(0,30){0, 58 — 5, 5468}

10,8450

= e = 0:391.

» example-end
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EXAMPLE 1-G- D7.2 Assessment via the characteristic value - test 6

Given:  Find the design value of the property X considering already known the ratio ny/y,,
between the design factor of the conversion factor and the partial factor of the material.

Suppose a simple random sample of size n =30 is drawn from a population having mean
u and standard deviation o (see table below). Suppose the original distribution is

normal.

n X;

1 19,3
2 19,8
3 20,1
4 20,4
5 20,3
6 19,3
7 18,0
8 17,4
9 21,3
10 19,4
11 20,2
12 20,5
13 21,0
14 22,3
15 18,5

n

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

%G
17,3
19,2
22,4
16,0
15,0
15,6
18,2
17,4
19,2
16,3
15,3
14,0
13,0
15,3
16,5

Table 1.2 Sample results (n = 30). Reference Sheet: Annex D. Cell-Range B50:B64 - E50:E64.

Find the mean, variance, standard deviation and the coefficient of variation of the
sampling distribution. Rounding to the first decimal.

[Reference sheet: Annex D]-[Cell-Range: A1:01-A82:082].

Solution: Mean of the n =30 sample results:

_ (19,3+19,8+20,1+20,4+...+13,0+15,3+16,5) _ 1

8,3.

my

Variance:

1
2 = —
T 30-1

[(19,3-18,3)2+ (19,8~ 18,3)2+ (20,1 18,3)2+... + (16,5-18,3)2] = 6,0.

Topic: User’s Manual/Verification tests - EN1990.xls
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Standard deviation: s, = /6,0 = 2,45.

Coefficient of variation:

Sx _ 2,45

X~ T 183

X

=0,13.

Values of k, for the 5% characteristic value for n = 30 (see tab. D1-RN1990):

n

_ ] 1,67 'V, known
1,73 V, unknown

Design value of the property X:

X 14 k
Xq = ndﬂ = TLimx(l -k, V,) = Na 18,3 - (1 1,67 0, 13J _ Mg ,3 'V, known
Y Y Y ¥m 14,2 'V, unknown

m m m 5

having considered already known the ratio ny/y,, .

» example-end

EXAMPLE 1-H- D7.2 Assessment via the characteristic value - test 7

Given:  Considering the same sample result in the example above (see tab. 1.2) and supposing
the original distribution is Log-normal, find the design value of a property X
considering already known the ratio ny/y,, . Rounding to the first decimal.

[Reference sheet: Annex D]-[Cell-Range: A84:084-A125:0125].

Solution: Estimated value m, for E(A):

T 1 1« 1

my = A==-3"In) = -3 A = 55[In(19,3) + In(19,8) + ... + In(15,3) + In(16,5)] = 2,897
i=1 i=1

Estimated value s, for c,:

sy = s, = JIn(Vi+1)= V5 = 0,09 [input: (If V4 is known from prior knowledge)].

Estimated value s, for o, [(If Vy is unknown from prior knowledge)]:

1 n
Sy =8 = n—_lz(Ai_my)z =
i=1

= le—g[(z, 960 — 2, 897)2 + (2, 986 — 2, 897)2 + ... + (2, 602 — 2, 897)2] = 0, 139.
Values of k, for the 5% characteristic value for n = 30 (see tab. D1-EN1990):

K = 1,67 V, known
" 1,73 V, unknown
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Design value of the property X:

Xq = nElexp[my—knsy] = Mo exp| 2, 897 - 1,6710,09 | _ Na. 15,6V known
Tm Ym 1,730, 139 Ym | 14,2 V, unknown

having considered already known the ratio ny/y,, .

» example-end

EXAMPLE 1-I- D8.2 Standard evaluation procedure (Method (a)) - test 8

Given:

Develop a design model leading to the derivation of a resistance function (see section
D8.2-EN1990 - Standard evaluation procedure (Method (a))). Check the validity of this model
by means of a statistical interpretation of all available test data (see table below)). Verify
that a sufficient correlation is achieved between the theoretical values and the test data.

[Reference sheet: Annex D]-[Cell-Range: A173:0173-A384:0384].

Ty o Ty o
10,5 10,9 18,9 18,4
12,6 12,3 19,4 18,9
14,7 14,9 19,7 19,5
14,9 14,2 20,4 20,8
15,1 14,8 20,8 21,0
15,3 14,7 21,4 21,7
15,8 15,2 21,9 22,0
16,1 15,6 22,5 22,8
16,5 15,5 22,9 23,2
16,9 15,0 23,6 23,9
17,2 16,5 23,9 241
17,4 16,9 24,7 25,0
17,8 17,5 25,2 25,5
18,1 18,5 25,9 26,2
18,5 18,3 26,4 25,0

Table 1.3 Sample results (n = 30). Reference Sheet: Annex D. Cell-Range A194:B208 - D194:E208.

(1) 1y theoretical values; r,; experimental values from the tests.
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Solution:

For the standard evaluation procedure the following assumptions are made:

— the resistance function is a function of a number of independent variables X

— a sufficient number of test results is available

— all relevant geometrical and material properties are measured

— there is no statistical correlation between the variables in the resistance function

— all variables follow either a Normal or a log-normal distribution.

Step 1. Develop a design model, say in general:
ri = Ay Bi- G- Dy Hy- L My Np- Q- Ty

Step 2. Compare experimental and theoretical values.

The points representing pairs of corresponding values (r;r,;) are plotted on a diagram

(

see data on table 1.3):

] [EN1990.xlIs]Annex D Grafico 269

30

Figure D1 -r, - I; diagram

25 1

20 4

I'e

15 1

10 1

re=rt

10

25 30

Figure 1.1 Windows screen image: figure D1-EN1990 (r, - r; diagram).

As we can see in figure 1.1, all of the points lie on the line 6 = n/4 (equation r, = r,). It
means that the resistance function is reasonably exact and complete: a sufficient
correlation is achieved between the theoretical values and the test data.

Step 3. Estimate the mean value correction factor b.

page 28
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3 rrg = 10,5 10,9 +12,6x 12,3+ ... +26,4x 25,0 = 11401
i=1
312 = (10,50 +(12,6)2 + (14,7)2 + ... +(25,9)2 + (26,4)* = 11501

i=1

Leilyi
b= =1 _ 11401
n 11501

2
I

= 0,991.

i=1

Probabilistic model of the resistance r = br,8. The mean value of the theoretical resistance
function, calculated using the mean values X, of the basic variables, can be obtained
from:

rm = brt(>—<m)6 = bgrt()—(m)s'

Step 4. Estimate the coefficient of variation of the errors.

The error term §; for each experimental value r.; should be determined from expression
(D9-EN1990):

= fei
. )
bry;

From which, using the given numerical data into table 1.3, we find (rounding to three
decimal places):

10,9

8=t = 199 _ 9 047; A, = Ind, = In(1,047) = 0, 046;
br, 0,991 x10,5
r 12,3
6y =2 = 123 _ (9854, = In5, = In(0,985) = 0, 015;
2% br,  0,91x12,6 2 = Ind; = In(0.985)
8y = L3 149 _1,023; A, = Ind, = In(1,023) = 0,023;

br, 0,991 x 14,7

839 T30 _ 25,0

-l _ = 0,956; Ay = Indy, = In(0,956) = 0, 045.
brigy 0,991 x 26,4 30 = Indz = In( )

Substituting the above numerical data into expressions (D.11), (D.12), (D13), we find:

T le, 1 _ (0,046-0,015+0,023 +...—0,045) _
A = HZAi = nZln(ai) = 30 = -0, 005
i=1 i=1

= 0,001

2 _ nllz(Ai_;f _ (0,046 +0,005)> + (=0, 015 + 0, 005)* + ... + (= 0, 045 + 0, 005)2

Sa = 29
i=1

Coefficient of variation V; of the §; error terms:
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Vs = Jexp(s?) -1 = Jexp(0,0012)—1 = 0, 032.

Step 5. Analyse compatibility.

The compatibility of the test population with the assumptions made in the resistance
function should be analysed. If the scatter of the (r;; r;) values is too high to give
economical design resistance functions, this scatter may be reduced. To determine which
parameters have most influence on the scatter, the test results may be split into subsets
with respect to these parameters. When determining the fractile factors k, (see step 7), the
k, value for the sub-sets may be determined on the basis of the total number of the tests in
the original series.

Step 6. Determine the coefficients of variation Vy; of the basic variables.

Consider, for example, the design model for the theoretical resistance r; as represented

by the following relation (bearing resistance for bolts):

ifitui

The resistance function above covers all relevant basic variables X that affect the
resistance at the relevant limit state. The coefficients of variation Vy; will normally need
to be determined on the basis of some prior knowledge. Therefore, let us say:

1) coefficient of variation V,; = 0, 04 of the basic variable of the bolt’s diameter;
2) coefficient of variation V, = 0, 05 of the b. v. of the thickness of the connected part;

3) coefficient of variation Vi, = 0, 07 of the b. v. of the ultimate tensile strength of the
materials.

Step 7. Determine the characteristic value r, of the resistance.
The resistance function for j (= 4) basic variables is a product function of the form:
r=>brd =b{A-B-C-D}65.
Coefficient of variation V,:
i
VE= (VE+ DI TOVR+D -1 = (Vi+ D (Vi+ 1) - (Vi+ 1) - (Vi+ 1) - (VR + 1) -1
i=1

having considered V, = 0 for the constant A = 2, 5. Therefore, rounded to two decimal
places, we find:

V2 = (0,0322+1)- (0% +1)-(0,042+1)-(0,052+1)-(0,07>+1)—1 = 0,01

Vs = Jexp(s3)-1 = 0,032

V2 = ZV% = V2+V2+V2+V2 = 0+0,04%+0,05%*+0,07> = 0,009.
i=1

The number of test is limited (n = 30 < 100). In this case the characteristic resistance r,
should be obtained from [see equation (D.17)-EN1990]:

Iy = bgrt()—(m) eXp (_ koo(x'rtht - knOLSQS - Oa 5Q2) Wlth
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Q = /In(V2+1) = J/In(0,01 +1) = 0,100

Q, = J/In(VZ+1) = /In(0,009+1) = 0,095; a,, = Q,/Q = (0,095)/(0,100) = 0,95

Q; = J/In(Vz+1) = J/In(0,0322+1) = 0,032; a5 = Qs/Q = (0,032)/(0,100) = 0,32.
Values of k, for the 5% characteristic value for n = 30 (see tab. D1-EN1990):

k, | 1,64 forn— o
k, 1,73 V, unknown

Substituting the numerical data into expressions above, we find the characteristic value of
the resistance:

Iy = rmexp(_ kooartht_knOLSQS - 0: 5Q2) =
=r,exp[-(1,64-0,95-0,095)-(1,73-0,32-0,032)-0,5-0,100%] = r,, - exp(—0,171) =
=1, -exp(-0,171) = r, -0, 84

Here the characteristic value r, is represented as being proportional to its mean r,, .

» example-end

EXAMPLE 1-3J-D8.3 Standard evaluation procedure (Method (b)) - test 9

Given:  Considering the same assumptions in the example above, determine the design value of
the resistance by taking account of the deviations of all the variables.

[Reference sheet: Annex D]-[Cell-Range: A387:0387-A413:0413].

Solution: In this case the procedure is the same as in D8.2, excepted that step 7 is adapted by
replacing the characteristic fractile factor k, by the design fractile factor k, , equal to the
product oayp assessed at 0,8 x 3,8 = 3,04 as commonly accepted (see Annex C-EN1990)
to obtain the design value r; of the resistance.

For the case of a limited number of tests (herein n =30 <100) the design value r, should be
obtained from:

rg = bg(X,,)exp(=kq 0 Qi —kq 105Q5— 0,5Q2)

where:

k4 , is the design fractile factor from table D2 for the case “Vy unknown”

kg ., is the value of k, , for n > o [k, = 3,04].

The value of k, , for the ULS design value (leading) is 3,44 (see table D2-EN1990).
Therefore, we get:

rg = rpexp(—=ky »0,Q—ky ,05Q5 0, 5Q2) =

=1, exp[-(3,04-0,95-0,095)— (3,44 -0,32-0,032)-0,5-0,1002] = r,, - exp(- 0,315) =
=r,-exp(-0,315) =r,-0,73

having represented r, as being proportional to its mean.
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Dividing the characteristic value by the design value we obtain:

r, TIy-0,84
TR = - <
ry I'n-0,73

~1,15

having estimated V; from the test sample under consideration (see data in tab. 1.3).

» example-end

EXAMPLE 1-K-D8.4 Use additional prior knowledge - test 10

Given:  Determine the characteristic value r, of resistance when:
— only one further test is carried out.
— two or three further tests are carried out.

Suppose that the maximum coefficient of variation observed in previous tests is equal to
V, = 0,09.

[Reference sheet: Annex D]-[Cell-Range: A419:0419-A438:0438].
Solution: If only one further test is carried out, the characteristic value r, may be determined
from the result r, of this test by applying (D.24-EN1990):
=1, My =1, 0,9exp(=2,31V,~0,5V2) = r,-0,9exp(-2,31-0,09-0,5-0,09%) = r,-0,73
where 1, is a reduction factor applicable in the case of prior knowledge.

If two or three further tests are carried out, the characteristic value r, may be determined

from the mean value r,, of the test results by applying (D.26-EN1990):
o=r,M =, exp(=2,0V,-0,5V2) = r,- exp(=2,0-0,09-0,5-0,092) = r,-0, 83
provided that each extreme (maximum or minimum) value r,, satisfies the condition:

oo = Tem| <0, 101,

» example-end
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